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IZ L - TAKOWERAHE R TrHadicERL,
SEBNC SV TOWE L, 1981457 & FHR W TH
N

IS PO S T SR 2 VTR E &
FHLZLOT, TOBEEL XBCT ick~hI
KIREYV DT BHLDOTH - Ik,

1982457 & (3K [EH % s B EREA & 5/ A
LB an g s h, 198348 24k UCSF 7 &
PRI X8 CT OBifg x50 Lo < &
> NMR Eg2 A RE S hic. UEEERARE O
F I EAREE 5 2 38R 0.3 Tesla LA | o & R
BEEpr O TEZHEE NMREE ~B Y,
WREEE TOEGOKR T HRAMIC HEEL T
WBONRFIRTH B,

* AR R A TR AR
 FERFEFRE AR EE
ZApI594E4 201
Bk REZA S94E6 HTH
BIRES R © FHEGSUI4-9-1 (& 260)

TR AR A B FE P B PRI 28350
NSO BES

LA L, #iEEoERS NMR-CT 3B =
2 bR B L Otk & osin b ERM
THHEEZOLNDOT, ZOMOEBEOZERI)
BEERB X ar T A NIREEL L - LEO D5
INEETH Y, * KRS O WKE > FH A
F & %2 60 DR R G > TOBTERF
kR EEMEIC SV T LRI A RED H D,

FCC, Allbivbiuid, % iz# NMR #E
CRBIFAEGRESES CLNHEEETH L VbR
TWBEIIC DN T TE 5120 BEFBilR &5 5
LI, BICFER L ORBOKEBRICOWT
— BT ORERESE O N O TRET 5.

II. EBBLUVHE

#F L7 B R F mEEE 4 BRERA 0.1 Tesla
Zu ko 3EE E k30T 4.5 MHz 0| Mark-J
THBY, LT —Fix 128x128 (A% 128) T
Lofebd b 256X256 (LA%256) Tl olcb DL
WHY, EET— FEEEOMEYEHE Lics
Abds.

| ki IR (300, 1,000) 75 & T A LK H
HrmHL, SECECUTIR G, T & THE
T3 L) HErIR- TwaY, #Ri% & 256
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SR (300) T#J80%s, 128 IR (100, 1,000) THj2 4y,
£7z, 256 IR (100, 1,000) Tix, #44rTEH £
NINBEFEH 2175 & 2 ORI R 5D 2
Licmsd, TIH{E, T30 EM. TIE%
ko 57wz, Td=200 IV, Tr=2,000 IV
o VZ2ERTHRELTEY, Tokvl 27
A A8y EELTWAS. B, ~NVRRIDFK
R NMR E#EFEEB T OBRES O Fikic it
Y

I, % L3

a) J7Y F—LBXLUVERHH
Figure | (34%EBE To T fHA2 #1200 XV FbL
L7-iEedAkRk 2 XH CT Hozx ) v b7 7

i

Fig. 1 Slit phantom image. 256 SR (500), Their widths
of each slits are 1.5 mm, 2 mm, 3 mm, 4 mm
and S mm from thin to thick slits, and 2 mm
slits are apparently clear.

21 % 10 5 (1984)

v h—LIC AR 256 SR (500) (c TR H a1
THRELIZDLOTH 5.

7y h=LDORAY v MEEZKNE S Smm,
4 mm,3mm,2mm, 1.5mm ¢ 5f T 2mm [} |-
DAY v MIIZFTRITHEE S h,
Uy b V4Bl TR .

A OREERIC DWW T 2 7 1 AL L O
%%z CEREB{GOER L R A /2. Fig. 2a-2c
1% 256 IR (350,1,000) T2 71 AL+ E 2721
o, Fig. 3a-3c 13 = h % 4 256 IR (250, 1,000),
256 IR (200, 1,500), 256 IR (100, 1,500) Td H \»
FThi 3~ 4RMEESEZTobOTHD. -
DX I 2 RFNOBRE O K- THifRA
AL+ 5 2 b biud s L OCEEic >W»W T
LA R —LET I EFERLTWSY, Fig. 3a &
Fig. 3¢ Iz FH BRI L 2#ERTH VD, Fig 3a
OFMTRE TIEE AT 5 MR 2 38 S 2

1.5mm o =

Fig. 3c T LAEWTILEZHE T 5 frﬁ%ﬁmﬁ:
R
Figure 4a, 4b [T W F L L INEYY 2 1T H 7 »

256 SR (300), 256 IR (300, 1,000) o> it T %
SR CHM K LI 23002 Vb4 5 & 4%
BRI X VEBRFIRE oER ST F T R R A
A+4rTd 5. %72 256 IR (300, 1,000) Tt #4540
%ﬁvnn/h7Ahﬁwﬁﬁéivt% 72 & 1L
LMAFRE O L HICPERRRIAL 7 Y ZR L DX
BB AFRE L 75 %

ZOX ) R REAR D 72ic Fig. dc iciR 4 &

Fig. 2 Healthy volunteer’s abdominal images. 256 IR (350, 1,000).
a. Upper liver and spleen level.
b. Middle liver and gallbladder level.
¢.  Lower liver and pancreas level,
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Fig. 3 The inversion recovery images of the same level, using different pulse sequence.
a. 256 IR (350, 1,000), Short TI tissues are enhanced.
b. 256 IR (200, 1,500), Middle contrast image between a and c.
¢. 256 1T (100, 1,500), Long TI tissues are enhanced.

Fig. 4 Image c is the hybrid image of a image and b image.
a. 256 IR (300, 1,000), b. 256 SR (300).
A image is dark and b image dose not have good contrast, but ¢ image is better
contrasted image.

I EBAREGRERRLRAAZLOTH L., ZOH
{4i% Fig. 4a L Fig. 4b # INAFH L7 b o TH
REBlELC L 72 v TR o 703 IR T & v
TIflix B+ 2B KRB L 75 LV ) R &
S BT, &6 SRAZETHE W T EAHMA &
NHEDICERLDORRICE>Ta b7 2D

BEEIE D SV E W) KA R 2R TH 5.

PLFHEBIC DWW THET 5.

b) IRRELV SRFRIZDONT

KEG] 1 BF#ER T4k Aotk

Mo rzoiELZZ L, BAFER RS
A7 dEW| T & 5. Fig. 5a i 128 IR (300, 1,000),
Fig. 5b /3 128 IR (100, 1,000), Fig. 5c % 256 SR
(500) B 7: Lo F g, Fig 5d ik
EFZ2RO X CTHRTH 2.

X#CT ol il TH 5 & NMR &

9 T 128 [ TR AT AR & BT oo Sy B
50 Td b, IR (100, 1,000) & IR (300, 1,000) &
WO 2ROHEIgREFIATAZ LiIc X V#EIRE WD
BHIZK L FTRETH o 72, & 5T 256 [igRICT 5
L YR O BT — BRI 2o Y IR AT ORI
IEFICH D EgR NSO,

RERF] 2 PR 60m% Btk

BOESRFREA I« CRmBEh. mEFERIC TE
BHI2em OIS AR SNTER TH 5.
Fig. 6a {3 128 IR (300, 1,000) Fig. 6b ;% 128 IR
(100, 1,000) » #h ZhiEifk, Fig. 6c i3 ¥ 5 X #
CT % Td 5.

NMR g Tizw$Fho kot X CTH D
WERORENLHON TH Y, X CT TR S
ND2LEO9KRT—F 777 MKWV IZDICRERIX
FER R ICRH S ho e,
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Fig. 5 74 years old female, liver cyst.
a. 128 IR (300, 1,000),

b. 128 IR (100, 1,000), c.

256 SR (500), d. X-CT.

The lesion has very long TI, suspected by a and b images, but its edge of NMR

image is clearer than X-CT image.

Fig. 6 60 years old male, small hepatoma.

a. 128 IR (300, 1,000),

b. 128 IR (100, 1,000), ec.

X-CT.

The tumor is seen as black spot in the right lobe of the liver in the image a, and

in the image b it’s seen as a white spot.

¢ T14&(ZDW\T
FEBEOREHTH 5 T &ic X 28ER2ZH o
#ULTICRT.

KEG] 3 BERY  4TiE Lotk

Figure 7a (% T1 (300, 1,000) {&, Fig. 7b i1 (Z
FER—Lv Lo X CT Th o, T HTITEE M
W O IER I F v T1 A (1,000~1,300 2V #) &
B 28— MO RIKRIAE & FERIBICFED 5.
NMR & Tix = OREF] O 8 A o 1 HH 1, B

X # CT i~ TR O/ 2 X v 1Y
T Tl E»SERZH LRSS TH - /-,
FEF 4 APl AR 415% Aotk
Figure 8 (=% T1 (300, 1,000) {7 5% L 7= T1 {4
TR ALEICE KA ERERIR A & 580 JE AR &
OSYEENEHR T H O NS L S OB S .
E SRS T fE1x 480~550 I Vb & 4L L

THD.

TWz.
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Fig. 7 47 years old female, pancreas cyst.
a. TI (300, 1,000), b. X-CT.
The calculated Tl value is over 1,000 msec, so the lesion is thought as a cystic

lesion.

Fig. 8 41 years old female with liver hemangioma,
TI (300, 1,000), The calculated Tl value of the
lesion is 500-700 msec, similar to blood, so the
lesion is thought as a hemangioma.

Fig. 9 75 years old male who has suffered from hepatoma with central necrosis.
a. TI (300, 1,000), b. X-CT.
The calculated TI value of the tumor center is very long, so the necrosis of the
tumor is suspected.

W FEE TSR Wik W & &b I O S UL O T AES &

AFP o8N s W i~ = —ic TEK 4cm © O ZEE L EZONDTRERD . £/-

Mg # % H & h, NMR-CT % i {7 L 7= %E . FES O, BRIk TWa 2 LAY S
Fig. 9a |z{x T1 (300, 1,000) {4, Fig. 9b |z i35 k9 THEIRARY— CIER L T b (350~490
XBCTgzar L. EEXKCT TEESE O LV XBRCT OFREZESTF LI ENTE 2.
fHEZMD LN TE RNy b T 2 NyfERER JEF 6 PR AFEEZ 495 Bk

R4y Th -7z, Zhick LT Tl g TREE O Figure 10a, 10b |z # tu # 4 T1 (300, 1,000) {4
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Fig. 10 49 years old male with local hepatoma.

a. TI (300, 1,000), b. X-CT.

The tumor is clearly separated from surrounding tissue by the copsule which is

clearly seen in calculated Tl image.

Fig. 11 70 years old male with diffuse hepatoma.

a. TI (300, 1,000),

b. X-CT.

The invading pattern of the tumor in the liver is clearly understood in the

calculated Tl image.

Table 1 TI values of hepatic and pancreatic diseases. (0.1 Tesla, 4.5 MHz)

Case Diagnosis
Case 3 Pancreas cyst
Case 4 Liver hemangioma
Case 5 Hepatoma (necrosis)
Case 6 Hepatoma (local)
Case 7 Hepatoma (diffuse)

Normal liver

Pulse sequence (msec)

TI value (msec)

TI1 (300, 1,000) 1,000-1,300
TI (300, 1,000) 480- 550
TI (300, 1,000) 350- 490
TI (300, 1,000) 310- 340
TI (200, 1,000) 320- 350
TI (300, 1,000) 200- 230

Tl (200, 2,000)

This table indicates that the calculated Tl image is suitable for survey studies on these diseases.

L, EEXMRCT iRz, EHEOENT TI
O ERXHCT LA TH Y, £ -EH O
N EIC>WTL TIHRTICBEgEIhEZ. %
P BB OGS ES X D T A0 KE Wik TE
bR TWAREZREFCR (i S T fE I
310~340 S VL REMEHE C—KICHA LN D
fHA R L TH Y EHORNS L ORESHICIES

WCHBTH - 7.

KER T ORFE T0R% B

Figure 11b (1 X# CT Th 5. EHELENOL
low density T 2 2O BT AR TH 5.
Fig. 11a % T1 (200, 2,000) {& <, fEE © @ H#&
FAASIERICHE TH 5. 03 Y B Tl A
320~350 U fLIEEH SO T fH 200~230
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Y S THEBICEER L Twiz, £ 72, T1 (300,
1,000) ez TIfEE O #gic >\ Tk
400~200 I Y LT o THETIEREFREFh ORI
KERBENIHA BRI -T2, FEFIOEEBR O
T1 {4 Table 1 |c/R 7.

Iv. & =4

WEFTORBEERAMT U £ > T—Hicilizc
WHIcEE R ARICKBR SN, SINKE LT 57k
YO N4 5ZLick->TO00Tesla & v 9K
RS s NMR o E§ic Lk 2 @& % H
TIENTEDLEVIHITREAF LT

ZeRARRREIC DWW T T LS mm o 2 T A
A7 7Y b—LTEAR+SH LR D Imm LT o
77 h—LNKETHB.

TNESEY % 4T - 7z 256 IR (350, 1,000) {4t i fE
BEO L THHTH 55, MES 572 0IC gk
B2 L KCTIZ 44y, AKINE TIN5 En D
REVD 5.

L L Fig. 4b, Fig. 5Sb TR X 9 &
SEH A TR WERTH - TH I BER LU
REBOERNFRETH 0, TfRIEMH 1 256 IR (300,
1,000) T 4 4y, 256 SR (500) T 24y L HEE L L
THEHNTH 5.

IR f& & SR O MBEEHHRL, ThEh oK
R FRA O B TASBRE F Ik & e R
iz, £ IRGHAEMTLE Ry - 2mE
OBGgE BT D LICk > TRIE T HREL
g OMMNCHER s BigA{EL 2L TE LS.

IR f§ & SR QU FHBGR TIX /7o i ii v
BB onBEE, a2 7 2 FOROVETR
zohsb, SRigxb+rn TL{HOETa » +
7 A MIfFEICK VD, FEEESEOV D ICHE
Jaic oW TIRFEOEBROMECEHATH 5.

IR i3 v 2 %A X > THEENEL T 5 72
%, IR (100, 1,000) it T1 {5 o £ 84y 25, IR
(300, 1,000) Tix T1 fEDE WV Ho H T S h,
HAEITERESMIC, RIEIBRE CRRIAEY
W OMEBO T2 DICETH 5. FEH] 2 O/
OB LWL LI, XHBCT L) IR®

Zhb 2EOEGTOEERMINO S BHRT, &
BHLBWOT, MMEEORZ ) —= 7 ~OF|
AnEzons.

EEOHBICE bh-T, TIHLB 1Y,
REOFEEBHICHIATE, B>V TY
ABRICT LI BRAO Tl OSSN RIRETH -
oo FHBICOWTIRREVWHLERLZ L LI b
OELELEDEWLOEOEIRD D, TR
L AMERO T EOEFR G- T,
FES O NI & A O D TR TER XH#
CT LFRKROPFTRBEOR, TOFEDIELED 6
e,

V. #&

NEOJRESH B T CENZ W ic > v T,
IR {4 (300, 1,000) & %\ ix IR (350, 1,000) 734
CERTHEY, TIEGEEES X WA E S
(FFHESE) OERICERITH S Z tnbnrole. &
7z, TILE{HRTIZa v T A PEMSKERT 5 &
978 T &AM < FERE(L NMR fg & LT o H A H%
FEZTWD, £, XBRCT LHBELTDH
NMR gz ) BEICKE->TXTEY, 5%
& 6 ICHE O R O NMR Eigo SR AL 83 7F
Shb.

FEBOFKHTH 5 T HLENS L ORES
WricHTdH - TEEXMRCT Omiff & gL
O HEGENAEONI. T FTA MK EDHMT
T1 f§ix NMR o#E R L L THAHTH D L&
z b,

S

x W
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Summary

Clinical Trial of NMR-CT (Report 3)
—The Utility of NMR-CT for Liver and Pancreas Diseases—

Hiroo IKEHIRA*, Nobuo FukuDA*, Yukio TATENO*, Masahiro ENDO*,
Toru MaTtsuMoTo*, Takeshi INUMA* and Msaaki EBARA**

* Division of Clinical Research, National Institute of Radiological Sciences, Chiba
**The First Department of Internal Medicine, Chiba University Medical School, Chiba

The present ongoing clinical study, which began
last summer, utilizes an NMR-CT scanner with a
resistive megnet providing a low-grade static
magnetic field (0.1 Tesla). Our main purpose is
to determine the potential of this type of NMR-CT
system in particular its spatial and contrast re-
solution, and the utility of its Tl image in dif-
ferential diagnosis and detection of lesions.

The NMR-CT system used in this study is based
on four vertical coil air-core magnets operating
at about 0.1 Tesla and giving a proton resonance
frequency of 4.5 MHz.

Examination of patients with hepatic and
pancreatic disease indicated that the NMR-CT is
suitable for survey studies on solid tumors, he-
mangioma and cystic lesions. The NMR-CT also
provided very useful Tl data. The Tl of solid tumor

was found to be 300 to 500 msec; that of heman-
gioma was 500 to 700 msec, and that of cystic
lesion was usually over 800 msec.

The detection of hepatoma in the cirrhotic liver
was found to be difficult in some cases because
of the similarity of their spin-lattice relaxation
times and the small degree of contrast between
tumor and cirrhotic liver parenchyma.

Differential diagnosis of solid tumor, heman-
gioma, and cystic disease can be performed through
reference to their discrete Tl values. The borders
of these lesions are apparently clearer than with
X-ray CT imaging.

Key words: N. M. R. imaging, Tl image, In-
version Recovery image, Liver disease, Pancreas
disease.
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